
A2 



Europaisch.es Pa tent am t 

European Patent Office © Publication number: O 088 638 

Office europeen des brevets 



© EUROPEAN PATENT APPLICATION 



Application number: 83301306.3 © Int. CI. 3 : B 01 J 8/18, C 08 F 10/00, 

C08F 2/34 

Date of filing : 09.03.83 « w-r 



@ Priority: 10.03.82 IT2006282 



Date of publication of application: 14.09.83 
Bulletin 83/37 



Designated Contracting States: AT BE OE FR GB NL SE 



® Applicant: Montedison S.pJV., 31, Foro Buonaparte, 
1-20121 Milan (IT) 



Inventor: GovonJ, Gabrlele, 63, Via Pllastro, Renazzo 
Ferrara (IT) 

Inventor: Corazzari, Canzlo, 250, Via Vlrgiliana, Pilastri 
Ferrara (IT) 

inventor: Df Stefano, Giovanni, 188, Via Marconi, Ferrara 
("I 

inventor: Loconsolo, Mauro, 71, Via Ravenna, Ferrara 
(ID 



© Representative: Whalley, Kevin et al, Marks & 

Clerk 57/60 Lincoln's Inn Fields, London WC2A 3LS (GB) 



< 

00 
CO 
<0 

6^ 
CO 

o 
o 

a 

UJ 



© Distributor for a f luldlzed bed reactor. 

© A fluidized bed reactor (11, suitable for recycling a fluidi- 
zation gas containing in suspension particles of solid material, 
has a gas distributor ( 1 3) consisting of a double-coned body or 
of a series of concentric cones provided on their lateral sur- 
faces with ribs or fins (18) forming gas inflow channels (19) 
shaped in such a way and with such an inclination as to allow 
the passage of the solid particles dragged along by the gas 
flow, and such as to hinder the outflow of the solid material that 
has been fluidized, when the flow of the gas is interrupted. 
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This invention relates to a distributor for a fluidized 
bed reactor. 

In apparatus for chemical -physical operations in which a 
gas is brought into contact with a solid material in the 
5 shape of particles, maintaining these latter in the state 
of a fluidized bed, a distributor is provided for distri- 
buting the gas sent into the fluidized bed. The importance 
of the distributor for the smooth and regular and correct 
working of the fluidized bed apparatus is well known. 

10 Ih fact, on the distributor depends the taking place of 
the fluidization, the uniform distribution of the gas in 
the bed, with the absence of dead zones, and the frequency 
and the dimensions (size) of bubbles in the bed, with 
appreciable effects on the mixing of the solids and on 

15 the exchange of matter and heat inside the system. 

Usually it is necessary that the distributor shall ensure 
a uniform distribution of the gas; shall hinder the fall 
of solids under the distributor during its working as 

« 

well as during cessation of working; and that it shall 
20 have such a shape as to minimize the losses of load and 
damage due to erosion. 

There are many types of distributors that will ensure the 
above performances and which consist substantially of a 
plate provided with numerous small holes which will allow 
25 the passage of gas but not that of the solid particles 
that form the fluidized bed. 

■# 

'Th$. present invention provides a distributor for the 
distribution of gases and vapours in fluidized beds of 
solid particles which, in addition to the previously 
50 specified characteristics, will have that of being 
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passable by tlie solids dragged along "by tlie gases and 
vapours that are re-cycled back into the bed. 

More particularly, the present invention in one aspect 
provides a distributor of fluidization gases for a 
f luidized bed reactor, which comprises a double cone 
body comprising: 

(a) a lower conical element, arranged in use with the 
vertex thereof directed downwards, provided with 
more than two ribs on the lateral surface thereof, 
the said ribs having such a profile as to form, 
together with the wall. of a containing shell for 
the distributor, flow channels having a decreasing 
cross—section in an upward direction so that the 
velocity of gas flowing therealong will increase 
gradually and correspondingly, the ribs being 
arranged diametrically opposite to each other with 
an axial symmetry and with an inclination with 
respect to the vertical such as to impart to the 
inflowing gas current a tangential component, the 
profile and inclination of the ribs being such as 
to allow the passage of solid particles entrained 
by the inflowing gas, and such as to hinder the 
falling back of the particles of the fluidized bed 
whenever the feeding in of the gas is interrupted; 
and 

(b) an upper conical element arranged in use with the 
vertex thereof directed upwards, superimposed onto 
the lower conical element and having the function 
of activating the circulation of the solid in the 
fluidized bed, eliminating dead or stagnation 
zones. 
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The distributor of the present invention essentially 
consists of two conic ally- shaped elements. Hie lower 
one has its vertex pointing downwards and is provided 
with more than two ribs or fins (referred to hereinafter 
5 in this specification only as ribs), but preferably with 
from 6 to 24- ribs, having such a profile as to form 
channels (grooves) for the passage of fluids and with a 
decreasing cross-section starting from the vertex and 
directed towards the base of the conical element, in 

10 which channels the flow speed of the gas will gradually 
increase, The ribs forming these channels are arranged 
in axial symmetry with respect to each other and are in- 
clined with respect to the vertical axis such that the 
powdery material of the f luidized bed shall not descend 

15 along such channels during suspension or cessation of 
the fluidizing -process (suspension of the emission of 
gases). Moreover-, the inclination of the ribs imparts 
to the gas flow a tangential component; which will ensure 
a good distribution of the gas, avoiding the formation 

20 of dead zones. 

The upper conical element has it3 vertex pointing up- 
wards and has the function of activating the circulation 
of the solid in the f luidized bed, in order to achieve 
at all locations a good mixing through and to avoid the 
25 formation of dead zones and stagnation. This conical 

element may also take the shape of a truncated cone and 
may be provided with a central duct for the discharge of 
the powdery material of the fluidized bed. 

The distributor according to the invention may be pro- 
30 vided with a series of ribs arranged on concentric 
conical elements, as described in more detail 
subsequently. 

The distributor may also be constructed as a rotating 
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distributor, again as described in more detail subse- 
quently, arranged with, a particular assymmetry that 
will favour the passage of the gas preferably to a 
peripheral zone to the disadvantage of the diametrically 
5 opposite zone; this is achieved by rotating the distribu- 
tor at a suitable speed, preferably from 3 to 30 rpm. 
Thereby there is achieved a flow rate at which the gas 
will fluid! ze the bed in one zone and the solids will 
drop into another zone, the position of these zones 
10 being continuously varied by the rotation of the 
distributor. 

The inflowing of the gas into the distributor may be 
axial or tangential, and the discharging of the solids 
may be likewise effected through the f luidized bed 
15 laterally or from the bottom axially. The distributor 
may also be traversed axially by a rotating shaft for 
the control of possible internal scrapers intended for 
ensuring a mild stirring and the removal from the walls 
of possible agglomerations of solid. 

20 The flow speed of the gas in the f luidized bed should 

usually be equal to or greater than the speed of TniniTrrmn 
fluidization, and preferably should be from 2 to 50 times 
the speed of mi ni m\m fluidization. In any case, such 
speed is a function of the particular substance used 

23 and of the size and morphology of the solid particles. 

In the case of a mechanically stirred bed, the flow 
speed of the gas may be lower than the speed of minimum 
fluidization. 

In any case there must be ensured an effective mixing 
30 through of the fluidized bed in order to achieve a fast 
renewal at all locations of the fluidized bed itself. 
As a result, with the distributor according to the 
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invention, the flow rate of the solids determines a 
downward flow of the solids in the vicinity of the 
walls of the reactor and an upward flow in corres- 
pondence with the central axis of the reactor. 

5 Also with granular fluids of a low flowability and with 
a high stickiness it is possible to operate without en- 
countering problems of pollution of the reactor or of 
an ineffective distribution of the gas. 

The invention in another aspect provides a fluidized 
10 "bed reactor provided with a distributor according to 

the first aspect of the invention and further comprising 
means for recycling of the gas, wherein the distributor 
and the recycling means allow the passage of solid 
particles of the fluidized material entrained by the 
15 recycling gas. 

In order to avoid soilings in the cylindrical and 
frusto-conical regions of the reactor walls, two 
systems may be adopted. 

The first, already described in U.S. Patent* No. 3 298 792, 
20 consists in providing a rotating blade rotating at more 
than 1 revolution per minute, preferably from 1 to 10 
revolutions per minu te, which exerts a scraping action y - ? 
on the reactor walls in order to hinder the accumulation " 
of layers of solid on the walls themselves. This sj-^tem 
25 has proved fully effective in practice. 

The second system, which is based on th<* Observation . 

that an excellent descaling agent for the walls is the 
solid itself when it is kept under vigorous motion, 
consists in. inserting in the upper zone of the reactor 
30 a rotating separator, which will generate a flow of 
solid which from the centre will be violently pushed 
towards the wall of the reactor by centrifugal force, 
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thereby exerting a cleaning action* 

Such, a rotating separator is described in Italian 
Patent Application Ho. 23,875 A/81. 

The pi. TP of the cleaning of the internal surfaces of the 
5 reactor is att ain ed in this particular case with a means 
that causes also a separation of the solids dragged 
along by the outflowing gas. As already indicated, 
this is not necessary because the gas distributor 
according to the invention has the characteristic that 
10 . it may be traversed by the particles of the solid; 

however, the separation effect obtained may be advan- 
tageous when exhaust gas for recycling must be free of 
dust because of requirements of the process or because 
of anti-pollution limitations or other reasons. 

15 The invention in a further aspect provides a process for 
the polymerization and copolymerization of cc-olefins in 
a gaseous phase, on a fluidized bed comprising poly- 
merized material containing catalyst, wherein the 
process is carried out in a fluidized bed reactor 

20 accor din g to the invention. 

The invention in a yet further aspect provides a process 
for the copolymerization of ethylene/propylene in a 
gaseous phase, on a fluidized bed comprising 
polymerized material containing catalyst, under such 
25 processing conditions as to obtain an amorphous co- 
polymer, wherein the process is carried out in a 
fluidized bed reactor according to the invention. 

The invention will be further described, by way of 
example only, with reference to the accompanying 
30 drawings, in which : 

Figure 1 is a schematic view of a fluidized bed reactor 
accor din g to one aspect of the present invention; 
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Figure 2 is a side and a plan view of one embodiment of 
a distributor of fluidization gases, according to the 
invention, for use in the fluidized bed reactor accord- 
ing to Figure 1 ; 

Figure 3 is a side view of another embodiment of a 
5 distributor of fluidization gases, according to the 
invention, also for use in the fluidized bed reactor 
according to Figure 1 ; 

Figures A- and 5 a^e each a side and a plan view of 
further embodiments of distributors of fluidization 
10 gases, according to the invention, suitable for use 

in the fluidized bed reactor according to Figure 1 ; nr\r\ 

Figure 6 is a graph of percentage cumulative weight 
against diameter of polymer particles. 

In the drawings, like reference numerals indicate like 
15 parts. 

The apparatus shown in Figure 1 comprises a fluidized 
bed reactor 1 the top of which is connected by a line 
4 to a centrifugal compressor 2 for recycling of gas, 
which is in turn connected by a line 5 to a heat 

20 exchanger 3 with lined- piping. The heat exchanger 3 
is connected by a line 6 to the base of the reactor 1 . 
To the line 5 is connected a feed 7 of ethylene 
monomer C0£ - ) and a feed 8 of propylene monomer (C^~), 
while to the line 6 is connected a feed 9 of catalyst 

25 containing copolymer base and a feed 10 of reaction 

activator. A recycling gas exhaust 11 leads from the 
line 4, and a lateral discharge 12 for polymer leads 
from adjacent the bottom of the reactor 1. 

At the bottom of the reactor 1 is a gas distributor 13 3 
30 while at the top of the reactor is a centrifugal 

separator 14 for polymer particles. The separator 14 
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is described in more detail in Italian Patent 
Application Hb. 23? 875 V81. Heference numeral 15 
indicates current flowing into the reactor, with axial 
flow, while numeral 16 indicates current flowing out 
5 of the reactor. 

The distributor 13 is shown in more detail in figure 2, 
and comprises a lower conical element 17 arranged with 
its vertex directed downwards, and an upper conical 
element 20 arranged with its vertex directed upwards 
10 .and superimposed onto the lower conical element. Eie 
conical element 17 has slanting and warped conveying 
ribs 18 and conveying channels 19 with decreasing cross- 
-section, as shown. 

As shown in Figure 3 ? the axial discharge 21 of polymer 
15 is from the bottom of the reactor, and a chamber 22 is 
formed with tangential inflow of current. fed into the 
\ reactor, achieved with the help of an inclined or 

helical conveying plane 23, formed on the extension of 
a rib. Ihe chamber 22 is defined by a cylindrical body 
20 24 of the distributor and by the adjacent wall of the 
reactor 1. Figure 3 also shows conveying ribs 25 
without warping. 

Figure 4- shows a distributor 26 with upper and lower 
concentric conical elements 17 and 20 provided with a 
25 plurality of annular ribbed crowns. In this embodiment, 
the current flow 15 is through a plurality of channels, 
as shown. 

Figure 5 shows a rotating distributor 27 with asymmetri- 
\ cal conveying channels, having a lateral side 28 of 

30 decreasing cross-section. The distributor 27 has a 
i rotary tubular shaft 29 provided with a packing gland 

•] 30. Figure 5 also indicates by reference numeral 31 a 

j lateral fluidization zone of the polymer, and by 
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reference numeral 32 a lateral polymer re-dropping zone. 
In tiiis embodiment, as a result of the rotation of the 
distributor at a suitable speed, for example 3 to 30 
rpm, there is achieved a flow rate at which the gas 
5 will fluidize the bed in the zone 31 and the solids 
will drop into the zone 32, the position of the zones 
31 and 32 being continuously varied by the rotation of 
the distributor. 

All the figures 1 to 4 show a zone 33 of entrainment of 
10 the polymer along the axis of the apparatus, and a zone 
34- of the downward flow of the polymer near the wall of 
the fluidized bed reactor. 

Reference numeral 39 (Figure 3) indicates inflow of 
current into the reactor with tangential flow. 

15 Certain aspects of the embodiments described with 

reference to the drawings will now be referred to in 
more detail* 

The compressor 2 consists of a device for the fluxing 
of the shaft behind the impeller or rotor, in order to 

20 avoid any solid approaching the gaskets and with the 
centrifugal impeller in action so that it may be 
traversed by the gas containing also considerable 
quantities of dust, and to be capable of ensuring such 
a flow rate as to maintain in the circuit sufficiently 

25 high speeds (greater than 5 mt/sec, and preferably 

10-40 mt/sec.) so as to hinder any sedimentation of the 
powder along the connection lines 4,5 and 6, with 
possible ensuing clogging due to the accumulation of 
solid substance. 

30 The heat exchanger 3, if necessary, should be of the 
pipe-in-pipe type. In the exchanger 3, the gas and 
the powders dragged along may be heated or cooled down 
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according to the requirements of the process, using as 
a fluid for tlie thermal exchange water, steam, oil or 
any other substance according to the specific case. 
Such service fluid passes along the external pipe, 
5 while the process gas passes along the internal pipe to 
which may he applied a series of longitudinal ribs on 
the gas side, in order to facilitate the disposal or 
acquisition of heat. 

If the quantity of heat involved requires the installa- 
10 tion in parallel of a plurality of pipes, in the sizing 
of the latter there must "be imposed a speed of more 
than 5 mt/sec, and preferably a speed from. 10 to 40 
mt/sec . 

In the case that the process requires a contribution of 
15 heat, the latter may he supplied by means of suitably 
arranged electrical heating elements. 

The apparatus of this invention is particularly suitable 
for use in applications at a high pressure. In this 
case, because of the higher value of the density of the 

20 gases in circulation, there will be needed smaller 

sized apparatus, higher values of thermal exchange co- 
efficient, reduced transportation rates in the connec- 
tion lines and a reduced f luidization in the bed, and 
in the case of reactions there will be achieved im- 

25 provements in the kinetics because of the increase in 
concentration of the reacting gases. 

As already mentioned, for the satisfactory working of 
the circuit, it is determining that the gas flow that 
flows through the circuit has at each point a flow 
JO speed greater than 5 mt/sec, preferably from 10 to 40 
mt/sec, in order to ensure an absolute reliability 
with respect to soiling and the avoidance of dead zones 
for the clogging of the dragged solid. 



0088638 



- n - 

By way of example it may "be mentioned that the apparatus 
of the invention is particularly suitable for reactions 
catalyzed by solid granular catalysts, with a gaseous 
product flowing out with the exhaust 11 , possibly 
filtered or separated from the residues of dragged 
solid. 

Another suitable application of the apparatus of the 
invention is that of the polymerization in the gaseous 
phase of linear a-olefins for the preparation of 
plastic polymers. In this case the process is operated 
with solid and gaseous reactants continuously fed in and 
continuous discharge of a solid gra nul ar product. 

JL particularly important application of the apparatus of 
the invention is its use in the production of ethylene- 
-propylene plastic copolymers of the type described in 
Italian Patent Application BTo. 24,4-75 A/81-. 

Tn this case the apparatus comprises a circuit essen- 
tially consisting of a reactor 1, a centrifugal com- 
pressor 2, and a heat exchanger 3, connected together 
as indicated in Figure 1. Into this circuit are fed in 
ethylene monomers 7> propylene monomers 8 and a possible 
reaction activator 10 and a homopolymeric polypropylene 
base 9 containing the catalyst, coming from a reaction 
in solution or in bulk or in a gaseous phase, possibly 
after separation of the diluent. 

The homopolymerization stage produces for each catalyst 
particle a stereospecif ic matrix of polypropylene with 
an isotacticity greater than 90%, but preferably greater 
than 95%, in such a. quantity as to preferably constitute 
60-90% by weight of the end product. Inside this matrix 
in the copolymerization stage, there is produced and 
distributed with great regularity a predominantly amor- 
phous copolymer having a composition of 25-75% by weight 
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of ethylene, preferably approximately 50% by weight of 
ethylene, in proportion to the remaining 10-40% by 
weight of the end product. The end product will have 
an ethylene content of up to 20% by weight. These 
5 described characteristics are indicative, and in any 
case the product referred to is described in detail 
in Italian Patent Application No. 24,475 A/81. 

Reactor 1 was made to operate at a pressure within the 
range of 2-40 kg/sq.cm and at a temperature of from 40° 

10 to 100°0. The dwell time of the polymer in the fluid 
•polymerization bed was from 0.5 to 4 hours, while the 
average composition ratio of the monomers in the gaseous 
phase, expressed as a ratio between the molar concen- 
tration of the ethylene and the sum of the molar con— 

15 centrations of the ethylene and propylene, C 2 ~/C 2 ~+ °3~)> 
is within the range of 0.35 — 0.55. This parameter is 
in any case related to the quality of the copolymer to 
be produced and to the particular high-yield catalyst 
used in the reaction, and is controlled in order to 

20 obtain the production of the desired copooymer. For 
this purpose the flow rates of the fed in monomers 7 
and 8 and of the flow rate from the exhaust 11 are 
suitably adjusted. 

The invention will be further described with reference 
25 to the following illustrative Example. 

EXAMPLE : 

This example is based on tests on a pilot scale and was 
carried out in a continuous plant with an output capacity 
of 25 kg/hr of ethylene-propylene block copolymer. There 
30 was used a gaseous-phase copolymerization apparatus as 
schematically represented in Figure 1 , in which the gas 
distributor mounted at the bottom of the reactor 1 was 
of the type illustrated in Figure 2, with a lateral 
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discharge for the product. 

The copolymeric base was produced according to a bi~ 
-stage process in a liquid monomer. There was employed 
a catalyst prepared according to Example 1 of European 
5 Patent No. 45,977 , which allows the 

polymer to be obtained in the form of particles of a 
spherical shape and in a restricted granulometry, as 
shown in Figure 6. 

The polymer in suspension in a liquid monomer was 
10 separated from the propylene by flashing in a cyclone 
and by then feeding it into a fluidized bed reactor. 
For this purpose there was used a gaseous phase copoly- 
merization reactor characterized by a fluidization rate 
equal to 4*5 cm/sec. 

15 The circulation speed of the gas-polymer mixture cir- 
culating in the circuit of Figure 1 amounted; to 12 
mt/sec. in the line 4- and to 50 mt/sec. in the lines 
5 and 6 and in the heat exchanger 5. 

The operational conditions of the example are recorded 
20 in Table 1 below; the characteristics of the obtained 
copolymer are given in Table 2 below. 

Mb soiling of the internal walls of the reactor nor 
clogging of compacted polymer were detected and there 
was achieved excellent control over the fluidization 
25 without clogging or deposits of polymer in the external 
circuit even after prolonged periods of operation of 
more than 1000 hours running. 
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Melt flow rate "L" 



CHARACTERISTICS 05" THE EUTD 
PEODUCT 



Unit 



g/10 min. 



1.72 



Yield 



g.pol./g.CTZ 



36,000 



Mean polymer diameter 



micron 



1,500 



Fraction of polymer ^ 500 
micron 



10 



Apparent poured / compacted 
density 



g/cc 



0.4-7/0.52 



Flowability 



sec 



Flexural elasticity modulus 



MPa 



16 



1,200 



Transition temperature (Ball 
Drop) 



< -4-5 



15 



Izod C.I. impact resistance 
at 25°0 



J/m 



380 



Izod C.I. impact resistance 
at 0°C 



J/m 



115 



Gloss 



% 



4-5 



20 



HDT (at 46 N/sq.cm) 



°C 



74 
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JL distributor (13) of fluidization gases for a 
fluidized bed reactor, characterized "by comprising 
a double cone body comprising : 

(a) a lower conical element(17) 3 arranged in use 
with, the vertex thereof directed downwrjrds, 
provided with more than two ribs (18) on the 
lateral surface thereof, the said ribs having 
such a profile as to form, together with the 
wall of a containing shell for the distributor, 
flow channels(19) having a decreasing cross- 
-section in an upward direction so thau the 
velocity of gas flowing therealong will increase 
gradually and correspondingly, the ribs being 
arranged diametrically opposite to each other 
with, an axial symmetry and with an inclination 
with respect to the vertical such as to impart 
to the inflowing gas current a tangential com- 
ponent, the profile and inclination of the ribs 

'tfeing such as to allow the passage of solid 
particles entrained by the inflowing gas, and 
such as to hinder the falling back of the 
particles of the fluidized bed whenever the 
feeding in of the gas is interrupted; and 

(b) an upper, conical element(20), arranged in use 
with the vertex thereof directed upwards, 
superimposed onto the lower conical element 
and having the function of activating the cir- 
culation of the solid in the fluidized bed, ■ 
eliminating dead or sragnarion zones. 
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A. distributor as claimed in Claim 1 , characterized 
in that the said cone "body is provided with an. 
axial discharging duct(21) for the fluidized solid 
material, 

A distributor as claimed in Claim 1 or 2, character- 
ized in that the said cone "body comprises concentric 
conical elements each having a series of ribs. 

A f luidized bed reactor(1 ) characterized by being 
provided with a distributor (13) as claimed in any 
preceding claim and by further comprising means for 
the recycling of the gas, and further characterized 
in that the said distributor and the said recycling 
means allow the passage of solid particles of the 
f luidized material entrained by the recycling gas- 

A fluidized bed reactor as claimed in Claim 4, 
characterized by being provided with a centrifugal 
separator, 

A fluidized bed reactor as cl aim ed in Claim 4 or 5, 
characterized in that the distributor is arranged 
eccentrically with respect to the vertical axis of 
the reactor, and in that the reactor further com- 
prises means (29) for rotating the distributor. 

A process for the polymerization and copolymerization 
of a-olefins in a gaseous phase, on a fluidized bed 
comprising polymerized material conta inin g catalyst, 
characterized in that the process is carried out in 
a fluidized bed reactor as claimed in any of 
Claims 4- to 6, 
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8. A process for the copolymerization of ethylsne/ 
/propylene la a gaseous phase, on a fluidized 
bed comprising polymerized material containing 
catalyst, -under such processing conditions as to 
obtain an amorphous copolymer, characterisad in 
that the process is carried out in a fluidized 
bed reactor as claimed in any of Claims 4- to 6. 
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